Background: Cyclooxygenase (COX) is a rate limiting enzyme in synthesis of prostanoids pathway and it has 2 isoforms (COX-1 and COX-2). It has many biological roles in inflammation and oncogenesis. Cox-2 was incriminated in performing disturbances in the cell cycle control in CRC, but its role of in CRC needs clarification of the mechanisms by which Cox-2 might affect the process of colorectal carcinogenesis. Cyclin D1 is an oncogene that regulates G1 phase progression to S phase of the cell cycle. Its stimulatory role on cell cycle is antagonized by Cyclin D1-dependent kinase (CDK) inhibitors like p21. P21 plays an essential role in cell cycle regulation; it may have a pro-apoptotic or an antiapoptotic role in cancer. P21 was found to have many roles in cancer; invasion metastases, cellular senescence and stem cells aging. The roles of combined expression of Cox-2, Cyclin D1 and P21 in CRC tissues and their role of prognosis and patients survival are not sufficiently clarified. Aim of the Study: To evaluate tissue expression of Cox-2, Cyclin D1 and P21 in CRC and to correlate such expression with pathological parameters, clinical and prognostic data of the patients. Methods: Cox-2, Cyclin D1 and P21 are evaluated in colon cancer tissues. Correlations between their level of expressions pathological parameters, clinical and prognostic data of patients were analyzed. Results: Cox-2, Cyclin D1 over-expression was associated with higher grade, higher incidence of occurrence of lymph node & distant metastasis and advanced stage (P = 0.000). Cox-2 was related to higher tumor recurrence rate (P = 0.04) and decreased overall patients survival rate (p = 0.002). (r correlation coefficient = +0.987). Conclusion: Cox-2 and Cyclin D1 are markers of poor prognosis colon cancer patients. 
Introduction
Colorectal cancer (CRC) is the 4 th commonest cancer related fatality and one of the commonest reasons of morbidity worldwide [1] . It is considered the 3 rd frequently occurred cancer worldwide [2] . Early diagnosis of such type of cancer leads to higher chance of adequate management, curative treatment and decrease its high metastatic rate [3] . Additionally its early detection by nationally designed programs of screening in populations that are lacking clinical signs and symptoms allowed reduction in its rate of occurrence and high fatality in the developed countries [4] . Moreover it will be helpful to detect more novel predictive, prognostic and therapeutic targets for that malignancy to design more recent therapeutic strategies so as to improve patients' prognosis and survival rate [5] . Cyclooxygenase (COX) is a rate limiting enzyme in synthesis of prostanoids pathway and it has 2 isoforms (COX-1 and COX-2). It has many biological roles in inflammation and oncogenesis [6] .
Increased levels of COX-2 were found in response to various cytokines, growth factor, and cancer promoting factors [7] . Additionally Cox-2 had many roles in apoptosis, angiogenesis, proliferation, invasion and metastases of plethora of tumor types [8] . It was found that levels of tissue protein expression of Cox-2 in CRC are increased in comparison to normal mucosa which point to its role in progression of such malignancy [9] . Moreover COX-2 expression was upregulated in carcinomas of many organs e.g. ovary, lung and cervix and was associated with poor patients' prognosis [10] . Additionally increased tissue expression of COX-2 in gastric cancer is associated with higher grade and advanced stage [11] . Cox-2 was incriminated in performing disturbances in the cell cycle control in CRC, but its role of in CRC needs clarification of the mechanisms by which Cox-2 could affect the process of colorectal carcinogenesis.
Cyclin D1 is an oncogene that regulates G1 phase progression to S phase of the cell cycle [5] . Its stimulatory role on cell cycle is antagonized by cyclin D1-dependent kinase (CDK) inhibitors like p27 and p21 [12] . Hence Cyclin D1
is a controlling factor of G1 progression in the cell cycle, so it supposed to play an essential role in malignant progression and carcinogenesis [13] . Cyclin D1 tissue protein expression has been detected in a plethora of malignancies including CRC [14] . The role of its expression in CRC has been extensively explored but no final established results were detected [15] . Progression of cell cycle requires sequences of activation and inhibition of cyclin-dependent kinases (CDKs) like P21 [16] . P21 plays an essential role in cell cycle regulation; it may have a pro-apoptotic or an antiapoptotic role in cancer. P21 was found to have many roles in cancer; invasion metastases, cellular senescence and stem cells ag- 
Patients & Methods
Our study is a prospective cohort study that includes sections from formalin-fixed, paraffin embedded samples from 60 CRC patients. All CRC patients are operat- This work was approved by the local Ethics Committee
1) Immunohistochemical staining
Immunohistochemistry was done as previously described [17] . We have incubated slides with primary rabbit polyclonal anti-COX2/Cyclooxygenase 2 (ab15191) antibody 1:100 dilution), rabbit monoclonal anti-Anti-Cyclin D1 an- Stratification of OS and RFS was done according markers. These time-to-event distributions were estimated using the method of Kaplan-Meier plot. All tests were two sided. A p-value < 0.05 was considered significant. All statistics were performed using SPSS 22.0 for windows (SPSS Inc., Chicago, IL, USA).
Results
We have included 60 CRC cases in our, their age range from 29 to 80 years The detailed demographic data of our patients are shown in Table 1 .
Cox-2 Immunoexpression and Its Correlation with Clinicopathological Features
Cox-2 high expression was found in 31 (51.7%) of cases and it was correlated with primary site of the tumor its expression was more when the tumor in the ascending colon (0.034%), mucoid adenocarcinoma, larger tumor size, higher tumor grade, presence of lymph node& distant metastasis, and advanced stage (P = 0.000). no detected significant difference regarding Cox-2 expression and sex of the patient (Table 2 and Figure 1 ).
Cyclin D1 Immunoexpression and Its Correlation with Clinicopathological Features
Cyclin D1 high expression was found in 29 (48.3%) of cases and it was correlated with primary site of the tumor its expression was more when the tumor in the ascending colon (P < 0.001), large tumor size,, higher grade, presence of lymph node metastases (P = 0.000), distant metastasis (p = 0.029). no detected significant difference regarding Cyclin D1 expression, sex of the patient, or primary histopathology ( Table 2 and Figure 2 ).
P21 Immunoexpression and Its Correlation with Clinicopathological Features
P21 high expression was found in 31 (51.7%) and it was associated with conven- 
Correlation between Immunohistochemical Expression of Cox-2, Cyclin D1 and P21 in CRC
We found a direct relationship between Cox-2 and Cyclin D1, an inverse relationship between Cox-2 and P21, and an inverse relationship between Cyclin D1
and P21 (P < 0.001).
Follow-Up Results
Combination of overexpression of Cox-2 & Cyclin D1 and decresed expression of P21 is positively correlated with higher incidence of CRC recurrence after successive therapy (P = 0.04, 0.000 respectively), shorter OS& RFS rates (p = 0.002, 0.004 & 0.000 respectively) but no significant correlation with response to therapy with all markers (Table 3 and Figure 4 & Figure 5 ). Table 3 . Relation between COX2, Cyclin D1, p21 immunohistochemistry and outcome of treatment of our patients.
All patients Log rank test; p < 0.05 is significant. A final IHS from 0 -12 is reached then the cut off value of 4 is used for adequate statistical analysis below which is low and above which is considered high expression of all markers. 
Discussion
CRC is considered a major health problem especially in developing countries and it seriously affects public health, as despite improvements in management and treatment modalities the 5 year OS rate of CRC patients is still disappointing [4] . Detection of new targeted therapies is the hope to improve the prognosis.
Increased COX-2 expression is found in cancer of many organs and related to dismal outcome e.g. cancer lung, cancer cervix and esophageal squamous cell carcinoma [19] . As its role in CRC is still not clarified we evaluated its expression.
In our study we proved that Cox-2 high expression was found in 31 (51.7%) of cases and it was correlated with primary site of the tumor its expression was A. M. Salem et al. more when the tumor in the ascending colon (0.034%), mucoid adenocarcinoma, larger tumor size, higher tumor grade, presence of lymph node& distant metastasis, and advanced stage (P = 0.000), similarly, Elzagheid et al, [4] . reported increased expression of COX-2 in CRC and reported 74% of CRCs expressed COX-2, also Wu et al., [20] have shown the same results that COX2 was expressed in 85% -95% of CRCs. Similar to our results, Al-Maghrabi et al. [21] found that 56% of primary CRC cases expressed COX2 and its expression was related to poor clinicopathological parameters and poor patients prognosis, which clarified its important role in CRC progression.
The discrepancies between the different studies may be due to variability in patients' number and their characteristics, use of different antibodies clones,
different methods of evaluation of the stainin and differences in the cut-off levels of the evaluated slides. Similar to our results COX2 immunostaining was cytoplasmic in CRC and the colonic epithelium that is adjacent to the tumor revealed negative stain for COX2 [22] .
The positive correlation between COX2 expression, higher tumor grade and advanced stage revealed that COX-2 could be used as targeted therapy and prognostic marker for patients with CRC that support the view that COX2 plays an important role in advanced CRC. These finding in agreement with; Elzagheid et al. [4] . who found higher expression of COX2 in advanced-stage than in early-stage CRC. Also Lim et al. [23] , proved that increased COX2 expression was related to depth of invasion and advanced stage.
We have found that there is higher COX2 expression in CRC located in the ascending colon (0.034). Different results were found by Peng et al., 2013 that there were higher levels of COX-2 expression in patients with rectal cancer compared to patients whose tumors were located in the colon, they explained that by local variability in regulatory factors that are responsible for COX-2 expression. The role of Cox-2 in CRC carcinogenesis may be due to its role in inflammation and subsequent disturbances in cell cycle progression in malignant cells [4] . so we have evaluated its expression with 2 markers that are involved in cell cycle control; CyclinD1 and P21. In this study, we found that Cyclin D1 high expression was found in 29 (48.3%) of cases and it was correlated with primary site of the tumor its expression was more when the tumor in the ascending colon (P < 0.001), large tumor size,, higher grade, presence of lymph node metastases (P = 0.000), distant metastasis (p = 0.029). similarly, Van Wangenheim et al. [14] , who found that cyclin D1 was correlated poor clinicopathological criteria of cancer. Also, Holland et al. [24] have proved increased Cyclin D1nuclear expression in the right colon that was similar to our results. However, such association has not been found with cytoplasmic expression. Controversially Wong et al. [25] and McKay et al., [26] evaluated the association between marker expression and clinicopathological criteria without associations with its subcellular localization.
Our findings in this study agreed with Wangefjord et al. [27] , who noted important prognostic role of in patients with stage III-IV CRC but they did not find any association in patients with early stage I-II CRC, also Bahnassy et al. [28] and Maeda et al. [29] have reported that increased cyclin D1 expression has been related to dismal prognosis. In contrast to our results, Holland et al. [24] & Ogino et al. [15] have concluded that cyclin D1overexpression is related to good prognosis additionally they have found that cyclin D1-expressing tumors are less aggressive than tumors with decreased cyclin D1 expression. Moreover Lehn et al. [30] stated the same results in breast cancer, and proved an association between decreased cyclin D1 expression levels and invasive cancer phenotype. The favourable prognostic role of Cyclin D1 in previous studies could be explained by that higher cyclin D1 expressing tumors showed better response to adjuvant chemotherapy this is the cause of difference with our study as we have not find a A. M. Salem et al. significant relations between Cyclin D1 expression and reponse to chemotherapy. Van Wangenheim et al. [14] and Holland et al. [24] reported that cyclin D1 overexpression was correlated with longer patients' survival; these differences may be due to differences in methods and procedures of staining and evaluation.
In our study there is no statistically significant difference between Cyclin D1and genders this different from results of Wangefjord et al., [27] who revealed that the prognostic value of cyclin D1 was only evident in male but not female CRC patients, a finding that has, not been reported previously. It will be of beneficial studies to detect the molecular pathogenesis for this prognostic significance of cyclin D1 in women and men that might be referred to the effect of sex-hormone levels, genetic and epigenetic modification of steroid receptors.
P21 high expression was found in 31 (51.7%) and it was associated with conventional adenocarcinoma (p = 0.017), smaller tumor size,, lower grade, absence of lymph node metastases (p = 0.002), early stage and absence of distant metastasis (P = 0.001). These finding were in agreement with Ogino et al. [15] who found that p21 loss in tumor cells was associated with longer survival because of the function of p21 appears to be tumor-suppressive [15] . P21 which is a cyclin-dependent kinase inhibitor that is affected by p53 wild-type, plays an essential role in blocking of the cell cycle progression [16] .
But p21 could facilitate malignant cells invasion by p21-activated kinase-1 (PAK1) in melanoma cells [31] . Previous studies stated p21 loss can be a marker for aggressive tumor that was similar to our results [32] .
Additionally, Esposito et al., [33] , stated that lung cancer patients that were negative for p21 had shorter OS rate than those with high P21 expression that was similar to our results in CRC.
Summery & Conclusions
We proved that combination of Cox-2 & Cyclin D1 overexpression in addition to P21 low expression is considered markers of poor prognosis in CRC patients, mainly due to disturbances in cell cycle control. Future studies that include combination of gene study of these markers in addition to their tissue protein expression are recommended to prove our results.
